This paper presents an inverse method to determine parameters in constitutive equations. The method is especially suitable to study the mechanical behavior of inhomogeneous materials.
Introduction
Material properties in plant and animal tissues can vary with the anatomical site. Also technical materials may have inhomogeneous properties, e.g. reinforced composites with short fiber like particles, processed by a molding operation. These composites may be described in terms of effective mechanical behavior, i.e. composites are considered on a scale, several times the dimensions of the constituent materials. On this scale, a certain smoothness of the material properties is assumed. In the present paper the concept of inhomogeneity refers to a larger scale and may, for instance, be caused by different orientations of the alignment of the fibers in the material. Ideally, the inhomogeneity of the material meets the mechanical demands of the object. the common traditional testing. Despite the increasing interest for inverse methods in the realm of continuum mechanics, the identification of inhomogeneous material behavior has hardly attracted any attention. An exception is an example presented by Nappi[l] of a geotechnical problem. The approach used in this paper is based on the combination of three elements:[2] (i) the use of digital image analysis for the measurement of non-homogeneous strain distributions on multiaxially loaded objects with arbitrary geometry , (ii) finite element modeling and (iii) application of systems identification. The third element comprises the comparison between experimental data and the outcomes of the finite element model, followed by the determination of the material parameters. Recent publications describe the testing of this identification approach in practice, by means of experiments on an orthotropic elastic membraneP][3] Now the applicability of the method will be demonstrated by means of numerical simulations for inhomogeneous materials. These are carried out by computing a displacement distribution with a given constitutive model and known parameters. Subsequently, these displacements are used as fictitious 'measured data' for parameter estimation. In this way the influence of observation noise and model errors can be determined.
Identification method
In this section an outline of the identification method used is described. The reader can find further details in Hendriks[2) and Norton.[4) The method is based on the sequential minimum variance approach. The observational data are assumed to consist of a set of columns with data {yd, k = 1, ... ,N. The observational data of the 'experiments' described in this paper are displacement components of an inhomogeneous displacement field and are collected in a single column Y 1. The displacements are considered to be a nonlinear function of a set of material parameters: (1) where x is a column with unknown material parameters, hI is a finite element model for the measured displacements, and v 1 is a column of observation errors.
The basic estimation problem is the use of the observed displacements Y 1 to estimate parameter column x. The estimator can be specified from the model CEq. 1), an uncertainty model for v 1 and a priori knowledge of x. The optimal parameter column minimizes the following quadratic expression:
where i 0 is an initial guess for the parameter column x. In weighted least squares estimation
